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13, 16 Overcorrection of PF valgus osteotomy places the extremity in a fixed abduction position relative to the pelvis to eliminate hip adduction, and reduces or prevents the T-sign because the contralateral pelvis cannot drop. [11] [12] [13] 17 However, the clinical application of traditional PSO is limited due to its intrinsic shortcomings. In particular, the optimal extent of angulation is difficult to achieve. If the angle is too large, excessive genu valgum, fixed pelvic obliquity, and impingement pain on adduction of the lower extremity to the neutral position may ensue. Alternatively, if the angle is too small, the result would be an insufficient improvement in hip biomechanics. [12] [13] [14] Most importantly, the issue of remaining leg-length discrepancy (LLD) cannot be addressed. 7 To overcome the shortcomings of traditional PSO, Ilizarov designed a modified PSO, which incorporated a second distal femoral osteotomy, to realign the knee joint and to correct LLD, and PF valgus osteotomy for pelvic support. Russian literature indicate that Ilizarov and his associates started to use a modified PSO technique in the early or mid-1970s. [3] [4] [5] 18, 19 Ilizarov emphasized the importance of PF osteotomy extension to correct the fixed flexion deformity of the hip and to permit locking of the hip joint by stabilizing the hip in the sagittal plane during single stance. 2, 6, 7, 17 IHR is considered a breakthrough in terms of resolving the inherent problems of PSO, as the treatment goals for normal gait are to obtain stability by reconstructing a stable fulcrum, to improve energy efficiency by restoring abductor mechanism, and to improve cosmetic appearance by eliminating shortening/joint contracture-related problems. 
Indications of IHR
IHR is a useful surgical procedure for the salvage of damaged hips not suitable for arthrodesis or hip arthroplasty (Table 1) . To date only 12 original articles and 3 case reports have been published in the English literature on the merits of IHR (Table 2) . According to the literature, IHR is most suitable for skeletally mature adolescents or young adults that present with an unstable hip that is mobile and associated with a Trendelenburg gait (T-gait) and a large LLD. IHR is highly effective at eliminating Tgait, particularly when there is good abductor muscle function before surgery. The two most frequent indications are a neglected or an unsuccessfully treated developmental dislocation of the hip (DDH) [20] [21] [22] [23] [24] [25] 27 and severe septic hip sequelae. 1, 17, 24, 26, 27 IHR is also indicated for the treatment of hip instability related to paralytic subluxation/dislocation, post-traumatic hip subluxation/dislocation, spondyloepiphyseal dysplasia, 28 osteonecrosis of the femoral head, 29 and post-excision arthroplasty.
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It appears that IHR is not ideal for young children, because in accordance with Wolff's law, gradual straightening of the PF tends to occur at the site of valgus angulation and this results in loss of pelvic support. Although IHR is not contraindicated in young children, for example, when hip instability is associated with marked LLD due to multiple lower-limb growth disturbances secondary to neonatal sepsis, one should expect repeat IHR at or near skeletal maturity. Another alternative is to undergo femoral lengthening without a PSO, inserting half pins into the pelvis to prevent proximal migration of the femur, in the younger age, and subsequently perform IHR when the patients are near skeletal maturity.
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Technical considerations and complications
Careful preoperative surgical planning, based on data obtained from clinical and radiographic assessments, is essential to achieve a level pelvis and to restore the mechanical axis of the lower-limbs perpendicular to the horizontal line of the pelvis in bipedal stance. 1, 17, 31 The optimum level of PSO is controversial. Although some authors have recommended proximal osteotomy, in which the acetabulum rests on the lesser trochanter, 9 ,32 most prefer more distal osteotomy in the anticipation of abductor mechanical benefits due to displacement of the center of gravity medially. Important technical considerations are summarized as follows. o of extra-valgus in addition to the pelvic drop angle. Overcorrection is entirely empirical in anticipation of remodeling at the valgus osteotomy and some atrophy of the soft tissue interposed between the femur and lateral pelvic wall. 3. The next important issue is how to determine the level of DF osteotomy. Paley 7,17 used the CORA method, which utilizes an imaginary proximal mechanical axis line (Fig. 1A) . He stated that proximal mechanical axis line corresponds to a line perpendicular to the horizontal pelvic line, passing through the point of 1/3 to 1/2 the distance lateral to the medial edge of the proximal fragment. In contrast, Kadykalo and Kuftyev 18 presented a formula that took into consideration the amount of PF valgus and DF varus angulation ( Fig. 1B) Other important point of consideration when determining the level of distal osteotomy concerns the equalization of distances between the midline of the body axis and the centers of the knee joints of affected and normal contralateral limbs, which was emphasized by Pafilas and Nayagam (Fig 1C) . 31 This suggests that the level of DF osteotomy relies on the level of PF valgus osteotomy, that is, the higher the level of PF valgus angulation, the more proximally-located DF osteotomy should be to equalize the distances of knee joints from the midline of the body axis in bipedal stance. Furthermore, if there is no compensatory DF varus angulation, unequal knee distances from midline may cause secondary pelvic obliquity despite well-performed pelvic support. In this regard, I feel that using a retrograde intramedullary lengthening device 33 may be inappropriate for IHR, which requires fine adjustment of varus angulation and translation during lengthening. 4 . The amount of extension should be adjusted to correct hip flexion contracture and pelvic tilt, and the sacrofemoral angle should be greater than 45 o in lateral profile. 5. The amount of derotation should also be determined, based on foot progression angle and the amount and direction of rotation during passive maximum adduction. The amount of varization is also controversial. Although Pafilas and Nayagam 31 proposed bringing the femoral shaft parallel to the vertical midline axis, this may cause 9 o of valgus inclination at the knee. I believe that knee joint should be realigned in its physiologic position even after DF varus angulation. 6 . The amount of lengthening should be recalculated after IHR during lengthening using a woodblock or scanogram to obtain a level pelvis. Overlengthening is poorly tolerated in hips that are already in full adduction after IHR. 7. Resection of the femoral head and neck remnant may be indicated, if the hip is painful and stiff, regardless of pre-existing osteoarthritis. The concept of resection-angulation osteotomy was originally proposed by Milch in 1955 for restoring hip mobility and pain relief. 13 Reported complications (Table 2) include knee stiffness, pin tract infection, delayed consolidation, refracture, obturator nerve entrapment, straightening of proximal valgus angulation, and persistent T-gait. I think that there is possibility of ischiofemoral impingement if the PF valgus angulation site directly abuts the ischium.
Discussion
How to avoid or reduce remodeling of proximal valgus angulation?
IHR is safe to perform at an older age, preferably after peak growth spurt. Rozbruch et al 17 observed that when IHR was performed at a younger age before adolescence, the PF valgus osteotomy site completely remodeled, demonstrating no evidence of the pelvic support within one or two years after the operation. I also experienced the same phenomenon of remodelling (straightening) of the proximal femur when IHR was performed in the preadolescent age.
One should consider to add extra-valgus angulation at the PF osteotomy site, when performing IHR to address marked LLD in a younger age. As mentioned previously, one should expect repeat IHR at or near skeletal maturity to obtain a level pelvis and to eliminate residual LLD. Another alternative is to perform simple femoral lengthening with extension of the external fixation to the pelvis at a younger age, and to reserve PSO for the second lengthening when the patients are near skeletal maturity. 17 In my experience, translation of the proximal fragment medially relative to the distal fragment, helps facilitate and maintain valgization. Prebent plate-fixation may also be beneficial. Most importantly, postoperative strenuous abductor muscle exercise is essential.
Where is the weight-bearing fulcrum? I agree with others 17,31 that the weight-bearing area is not absolute, nor a true joint or false articulation. The center of rotation appears to vary with the position/direction of motion of the lower limbs, and depends on the soft-tissue interpositional weight-bearing surface between the PF osteotomy and the pelvis. To identify the center of rotation during adduction/abduction motion, I used cineradiography in a patient who underwent Shanz-type PSO, and managed to figure out that the center of rotation was located around the lesser trochanter and not around the apex of the valgus angulation adjacent to the ischial tuberosity during passive abduction and adduction.
Why does T-gait persist after PSO in some patients?
The literature suggests that an average of 30.3% (range, 0 to 62.5%) of patients have a persistent positive T-sign after IHR, although it is reduced in severity in most patients (Table 2 ). This persistence may be due to abductor insufficiency related to atrophied abductor muscles before surgery, or loss of fulcrum during follow-up due to remodeling of PF valgus angulation. Age at the time of PSO may also be an important factor for the retention of hip function. 13 Inan et al 34 concluded that T-gait is correlated with gluteus medius volume, and that T-gait disappeared with the restoration of gluteus muscle volume. In their series, four of five patients with a persistently positive T-gait were at least 31 years of age.
Based on these results, they speculated that atrophied muscle might not be restored by PSO in older patients. Is it possible to convert to total hip replacement arthroplasty (THRA) later on? IHR does not burn the bridge in terms of preservation of bone stock around the proximal femur, and thus, THRA after PSO is still possible, although it is a technically demanding procedure due to proximal femur deformation. Careful attention to surgical detail is essential for successful THRA, otherwise, the distal end of femoral stem can penetrate the cortex. 35 Shiltenwolf et al 36 found that THRA could be performed without difficulty by straightening the proximal femur by osteotomy and using a long-stem prosthesis. taking into consideration of proximal femoral valgus angulation and distal femoral varus angulation as well as the biomechanical limb axis after reconstruction (refer to Table 3 ). C. When determining the level of distal osteotomy, the equalization of distances between the midline of the body axis and the centers of the knee joints of affected and normal contralateral limbs should be considered, which was emphasized by Pafilas and Nayagam. 31 The level of DF osteotomy relies on the level of PF valgus osteotomy, that is, the higher the level of PF valgus angulation, the more proximally-located DF osteotomy should be to equalize the distances of knee joints from the midline of the body axis in bipedal stance. 17 ; AVN; avascular necrosis of the femoral head; DDH, developmental dislocation of the hip; ER, external rotation; fx., fracture; MMC, meningomyelocele; PFFD, proximal femoral focal deficiency; NA, unknown; m, month; P, reduced but persistent T-sign; PTI, pin tract infection; RP, residual poliomyelitis; subacetab., subacetabular; T, Trendelenburg; W, WOMAC score; y, year. 17 ; AVN; avascular necrosis of the femoral head; DDH, developmental dislocation of the hip; ER, external rotation; fx., fracture; MMC, meningomyelocele; PFFD, proximal femoral focal deficiency; NA, unknown; m, month; P, reduced but persistent T-sign; PTI, pin tract infection; RP, residual poliomyelitis; subacetab., subacetabular; T, Trendelenburg; W, WOMAC score; y, year. 
Conclusion
